INFLUENCE OF CALCIUM LEVEL ON THE EFFECT OF TRANSFORMING GROWTH FACTOR BETA-1 IN THE GENERATION OF INORGANIC PYROPHOSPHATE BY ARTICULAR CHONDROCYTE
F. Cailotto, S. Sebillaud, P. Netter, J.-Y. Jouzeau, A. Bianchi PPIA UMR 7561 Nancy Université CNRS, Vandoeuvre les Nancy, France Purpose: Articular chondrocalcinosis (CCA) is characterized by the deposition of calcium pyrophosphate dihydrate crystals into the joint. Its prevalence increases with ageing. But it is also frequently associated with hyperparathyroidism. Patients with hyperparathyroidism display hypercalcaemia but the link between high free calcium levels and CCA remains poorly studied. Two proteins generating extracellular inorganic pyrophosphate (ePPi), ANK which exports PPi and PC-1 which generates ePPi from nucleotides triphosphates, are known to be up-regulated by transforming growth factor-β1 (TGF-β1) in chondrocyte. In the present work, we investigated the influence of calcium levels in the regulation of ePPi generating proteins by TGF-β1. Methods: Firstly, we studied the effect of ranging extracellular Ca 2+ (eCa 2+ ) concentrations, (0 to 5 mM) on mRNA and protein expression of PC-1 and Ank, in chondrocytes stimulated with 10 ng/ml of TGF-β1. Secondly, we studied the effect of various blockers of Ca 2+ channels on the inducing effect of TGF-β1, in the presence of physiological (1.25 mM) or excessive (5 mM) concentrations of eCa 2+ . The following blockers were used: Lercanidipin, (10 μM, for L-type voltage-dependent channels) and ω-agatoxin (1 μM, for P-and Q-type voltage-dependent channels). Thirdly, we assessed whether changes in intracellular Ca 2+ (iCa 2+ ) levels affected the response of chondrocyte to TGF-β1. Ionomycin (1 μM) was used as an inducer of iCa 2+ , BAPTA-AM (10 μM) as a chelator of iCa 2+ , Pertussis toxin (PTX, 200 ng/ml) for blocking inositol-3-phosphate-sensitive Ca 2+ -release channels and Thapsigargin (1 μM) for blocking sarco/endoplasmic reticulum Ca 2+ ATPase (SERCA). Finally, we investigated whether the transcription factor sp1 contributed to the regulating effect of Ca 2+ on TGF-β1 using sp1 inhibitor WP631 (1 μM) and RNA silencing (siRNA, 10 nM) Results: The stimulating effects of TGF-β1 on Ank and PC-1 ex-pression (mRNA and protein) increased with the concentration of eCa 2+ with a maximal effect at 5 mM, therefore suggesting a crucial role for calcium in the regulation of chondrocytic response to TGF-β1. Inhibition L-type channels decreased the TGF-β1 effect (from 45% to 60%) depending on eCa 2+ level, whereas blocking of P-and Q-type channels reduced Ank and PC-1 expression by 50% only at excessive eCa 2+ concentrations. This suggests a major role for L-type channels in the control of TGF-β1 effect. On the other hand, inhibition of SERCA strongly reduced (80%) the inducing effect of TGF-β1 on Ank and PC-1 whatever the eCa 2+ concentration, whereas PTX remained ineffective. These data suggest a complementary role for the two main pools of Ca 2+ , with intracellular levels being controlled by an IP3-independent mechanism. Complementary experiments showed that the effect of TGF-β1 was increased (2-fold) by Ionomycin while being reduced almost completely by BAPTA-AM thus confirming the pivotal role of iCa 2+ . Finally, when we inhibited sp1 with either WP631 or siRNA, the inducing effect of TGF-β1 on Ank and PC-1 expression was strongly weakened (95%) at physiological eCa 2+ concentration, while being only reduced by 65% at 5 mM of eCa 2+ . This suggested the essential role of sp1 in the regulating role of Ca 2+ on TGF-β1 effect.
Conclusions:
Our results demonstrate that both extra-and intracellular calcium pools, whose effects strongly depend on sp1, are essential for the TGF-β1-induced ePPi generation by Ank and PC-1. Our results underline the need to consider hypercalcaemia in the occurrence of chondrocalcinosis, especially in old patients, which have an increased sensitivity to TGF-β1.
NUCLEAR AND SUMOYLATED S100A4 REGULATES IL-1β MEDIATED PRODUCTION OF MMP-13 IN HUMAN CHONDROCYTES R.R. Yammani
Wake Forest Univ. Sch. of Med., Winston-Salem, NC Purpose: S100A4, a member of S100 family of proteins has been previously shown to be upregulated in OA chondrocytes. Amino acid sequence analysis of S100A4 showed that the molecule contains a nuclear localization sequence. The aim of this study was to examine the mechanism of S100A4 nuclear translocation and its function in chondrocytes. Methods: Human articular chondrocytes isolated from normal ankle obtained from tissue donors were cultured in high density monolayers. Confluent monolayers were changed to serum free media 16-18hr prior to treatment with 10ng/ml of IL-1β. After treatment cytosolic and nuclear fractions were prepared. In some experiments, chondrocytes were transfected with mutant constructs of S100A4 that lack SUMOylation sites or dominant negative UBC9 plasmid construct (Ubiquitin-like protein SUMO-1 conjugating enzyme). ChIP analysis was performed to examine the binding of S100A4 to the MMP-13 promoter region. Translocation of S100A4 into the nucleus was determined by immunoblotting and production of MMP-13 in the conditioned media was measured by enzyme-linked immunosorbent assay. Results: Treatment of human chondrocytes with IL-1β resulted in increased production of MMP-13 and nuclear translocation of S100A4 that required SUMOylation. Inhibition of SUMOylation of S100A4, either by abolishing the SUMOylation sites on S100A4 or by inhibiting the activity of UBC9 enzyme, decreased the nuclear translocation of S100A4 ( Fig. 1A) and IL-1β mediated production of MMP-13 ( Fig. 1B) . ChIP analysis showed that nuclear S100A4 binds to the promoter region of MMP-13. Conclusions: Our study demonstrates that IL-1β promotes nuclear translocation of S100A4 in chondrocytes, which requires SUMOylation. Once in the nucleus, S100A4 binds to promoter
